Therefore it is very important to be able to follow the development of the hepatic metastases. There are no speci c tumour markers known to detect liver metastases in humans or animals. Clinical screening by imaging of the metastases seems to be a solution for detecting most cases of colorectal cancer metastases in humans. Non-invasive techniques such as ultrasound, magnetic resonance imaging, computerized axial tomography and computed tomography techniques are available to visualize hepatic metastases (Kemeny et al. 1986 , Soyer et al. 1994 , Schwartz et al. 1999 , Valls et al. 2001 , Saunders et al. 2002 . The most common choices of imaging in humans are ultrasound and computed tomography techniques, but these may be unreliable for detecting hepatic lesions of under one centimetre in size. Furthermore, these techniques are expensive and are often unavailable for studies within laboratory animal sciences. Using the invasive method of laparoscopy, we were able to detect hepatic metastases of a size of only a few millimetres, and therefore this technique has been set up for use in our experimental studies. This technique can both be used to evaluate the effect of an applied therapy within the same individual over time, as well as to obtain new parameters for de ning humane endpoints for this cancer model. In many cancer studies, if and when humane endpoints are considered, the only parameter analysed is the body weight. The United Kingdom Co-ordination Committee on Cancer Research (UKCCCR) guidelines indicate that a body weight loss of 20% could be used as a useful humane endpoint. However, body weight is not often a reliable indicator of the amount and severity of tumour growth. Tumour burden should not exceed 10% of the host animal's normal body weight in therapeutic experiments (which equates to a diameter of 35 mm in a 250 g rat) (UKCCCR 1998). In order to accurately assess tumour size and possible complications of (experimental) liver metastases, the laparoscopic technique is an effective method, which can easily be implemented in any animal study of experimental liver metastases.
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Materials and methods

Animals
At the time of arrival at the laboratory, the animals had a certi ed health report in accordance with the FELASA recommendations (Rehbinder et al. 1996) . Kaavi, Finland) , and the cages were changed twice a week. Environmental enrichment in the form of aspen wood shavings and/or wooden blocks (Tapvei) was provided twice a week. The animals were housed in groups of two rats in Macrolon type III cages (length: 38 cm, width: 22 cm, height: 15 cm) (Scanbur A/S, Køge, Denmark). The animals were allowed free access to tap water via water bottles (1/2 litre), which were changed once a week. A pelleted rat chow (Altromin 1324, Chr. Petersen Inc., Denmark) was available ad libitum. Fresh food was given at least once a week on top of the remaining food.
Tumour cells
The DHD/K12-PROb cell line was obtained from 1,2-dimethylhydrazine-induced colon adenocarcinoma in a BDIX/OrlIco rat (kindly provided by F. Martin, Dijon, France) (Martin et al. 1983) . All cells were cultured in T3 asks (NUNC, Roskilde, Denmark) at 378 C in a CO 2 incubator containing humidi ed atmosphere with 5% CO 2 . The culture medium used throughout the 
Induction of liver metastases
After at least one week of acclimatization, rats were anaesthetized s.c. with a mixture of 0.3 ml Hypnorm ® /kg rat (0.095 mg/kg fentanyl citrate and 3 mg/kg uanisone, Janssen Animal Health, Beerse, Belgium) and 0.675 ml Dormicum ® /kg rat (3.375 mg/kg midazolam, Dumex-Alpharma, Oslo, Norway). The skin was shaved in the abdominal area and rinsed with iodine. A 3-4 cm incision was made through the skin in the midline of the animal, and the abdominal musculature layer was cut with a pair of scissors. The intestines were carefully exteriorized through the incision and placed on a gauze moistened with sterile NaCl 0.9%, placed on the right side of the animal. The main liver lobe was then exposed. The entire procedure was performed under sterile conditions. A 29-gauge needle and syringe (Micro-Fine 1 U-100 Insulin, 0.5ml, sterile, Becton-Dickinson, Franklin Lakes, NJ 07417, USA) with a maximum volume of 50 m l cell suspension containing 10 5 viable cells was used. The cell suspension was gently injected subcapsularly (about 1-2 cm away from the puncture site) at two different positions (Hagenaars et al. 1998) . After injection, the position was held for 30 s and, while withdrawing the needle, a cotton pin was held rmly at the puncture site until the bleeding stopped. The intestines were replaced into the abdomen and 5 ml sterile NaCl 0.9% was added intraperitoneally before closing the musculature and skin with 4.0 running surgical sutures (Dexon ® II; coated braided synthetic absorbable polyglycolic acid suture; Tyco Healthcare Group LP, Norwalk, CT 06856, USA). To reduce postoperative pain, animals were given 0.06 ml buprenorphine (Temgesic ® 0.3 mg/ml; Reckitt & Comag Product Ltd, Hull HU8 7DS, UK) immediately after the operation and repeated the following day (after 17-24h).
Postoperative examination of the animals
The animals were monitored closely in order to detect the presence of metastases in the liver in due time: a clinical impression of the animals health and well-being was obtained daily when checking the animals for clinical signs (e.g. hunched back, rough hair coat, apathy). The body weight was registered twice a week from the start of the day of transplantation. Abdominal palpation to check for the presence of abdominal abnormalities was done twice per week. Finally, from 21 days after surgery, all animals were examined by laparoscopy, with a maximum frequency of once every 14 days to detect metastases in the liver.
Laparoscopic procedures
The rats were anaesthetized as described above and placed on the back. The skin was shaved in the abdominal area and rinsed with iodine. In the right cranial side of the abdomen, a minor incision (1-2 mm) through the skin was made by using the edge of a 21G needle. Through this incision, another 21G needle was then punctured through the abdominal musculature into the peritoneum. This needle was connected to an electronic abdominal CO 2 insuf ator (9L, Olympus, Japan) producing a pneumoperitoneum of 4 mmHg. Another incision (2-3 mm) through the skin was made by puncturing an 18G needle just cranial of the umbilical cord. This time, the incision was continued through the abdominal musculature and enlarged until the hole was just big enough to introduce the laparoscope (Ancleoscope (308 ) 2.7 mm in diameter; Stryker Instruments ® , Kalamazoo, MI 49001, USA) into the peritoneum (Figs 1  and 2 ). After examination of the liver and the peritoneum, the incisions of the abdominal musculature and the skin were closed with a 4.0 suture in both layers each (Dexon ® II; coated braided synthetic absorbable polyglycolic acid suture; Tyco Healthcare Group LP, Norwalk, CT 06856, USA). The total operation time was about 20 min for each individual animal. No postoperative analgesia was used due to the fact that only two small puncture wounds had been made.
When the largest liver metastasis in the animal was estimated to approach the size of one centimetre in diameter, the decision to kill the animal was made. The size of the liver tumours was estimated qualitatively by comparing them to the size of the main liver lobe. The animals were killed in 100% CO 2 , after they had been anaesthetized as described above.
Results
All animals survived the anaesthesia and surgical procedures during the induction of liver metastases. No individual weight loss/gain larger than 5% per week was observed in any of the rats-neither during the rst week postoperatively, nor in the nal part of the study, when metastases were present. No liver metastases of the animals could be detected as a result of clinical signs and abdominal palpation.
Starting from 21 days after the subcapsular hepatic transplantation, the animals were examined by laparoscopic examination. Each animal was examined by laparoscopy two or three times. There was at least a 2-week period between the examinations of each individual rat. No clinical complications were seen.
No metastases were detected 21 days after the induction. Eight to ten weeks after induction, metastases appeared in the areas of the injection sites as white nodules on the liver surface. All animals (both females and males) developed hepatic metastases to the same degree. Some scar tissue and irritation of the liver could be seen at the spot where the needle had been injected. Once the tumours started to form, the metastases increased in size during subsequent examinations. On cross sections during autopsy the tumour areas were on average 9 mm 2 (Figs 3 and 4) .
By comparing the autopsy data with laparoscopic data, it became clear that the difference between small and large tumours could be detected reliably by qualitative assessment during laparoscopy. However, the size at autopsy appeared to be somewhat larger than was expected on the basis of the qualitative laparoscopic judgement.
During autopsy, no other macroscopical changes than the liver metastases were detected. No abscesses or adhesions of the peritoneum were detected, which indicates that no infections had occurred and that the sterile procedures had been successful.
Discussion
Different guidelines and recommendations have suggested that special examination techniques for evaluating the humane endpoints of liver metastases models need to be added. In this study, the clinical examination of the animal and body weight did not give a clear picture of the presence and size of metastases in the animals. Analyses of different kinds of liver enzymes and tumour markers from blood samples would probably not have illustrated the degree of liver metastatic disease either, as tumour growth is not extensive enough to in uence these parameters signi cantly. Also different non-invasive imaging techniques have problems detecting small hepatic lesions of under one centimetre in size (Kemeny et al. 1986 , Soyer et al. 1994 , Schwartz et al. 1999 , Valls et al. 2001 , Saunders et al. 2002 .
We present here a technique for direct laparoscopic examination of the liver, which gives us the information about the presence and size of metastases. This technique is simple and can easily be implemented in other laboratories. By using the laparoscopic technique, direct information on tumour numbers and sizes can be obtained, which is valuable for establishing humane endpoints and following the effect of therapeutic interventions. This could also reduce the number of animals used in therapeutic experiments, because the researcher only uses animals which have been shown positive for the presence of metastases, and not animals which for some reasons have not developed metastases. Following the effects of therapy in individual animals over time may also contribute to the use of a reduced number of animals as variation between animals is avoided.
The use of gases in laparoscopy, such as carbon dioxide (stimulation) or gasless (inhibiting) insuf ation, seems to modify the growth of dormant tumour cells in the liver (Gutt et al. 1999 (Gutt et al. , 2001 ). The in uence of pneumoperitoneum on tumour growth and dissemination has to be investigated further, as it may be a confounding factor in experimental therapeutic studies. When studying special treatments of liver metastases, both treated and non-treated control rats have to be laparoscopically examined at the same time and in the same way, so that possible interfering effects of insuf ation become standardized in all groups.
A number of different techniques can be used to induce liver metastases experimentally (Kobaek-Larsen et al. 2000) . There are two well-known strategies for inducing liver metastases, one in which the cancer cells are inoculated into the blood stream, e.g. portal vein or into the spleen, which results in a random distribution of metastases throughout the liver. The second strategy is to inoculate the cancer cells into a local spot, e.g. subcapsularly, which results in distinctly growing metastases. In our experimental set up, the second strategy 2 ) located in the liver main lap seems to be the optimal way to modulate liver metastases, as intraportal inoculation with the PROb colon cancer cell line of the BDIX strain did not result in liver metastases (unpublished observations); we therefore chose the subcapsular inoculation method. By using our laparoscopic technique it is possible to examine the major part of the liver surface for metastasestherefore, laparoscopy is also a valuable detection method in conjunction with the intraportal inoculation technique. In cases where information about the growth potential of colon cancer cells for inducing liver metatases is lacking, we recommend the use of the subcapsular hepatic transplantation technique, as this leads to metastases that are easily detectable.
In spite of the physical in uence of anaesthetizing the animals each time laparoscopy is performed, we recommend adding this technique to the parameters used for the evaluation of the humane endpoints of this model, in order to avoid unnecessary suffering as a result of (too) large tumour growth and complications. The laparoscopic technique is considered to be a minor procedure because only two small puncture wounds through the abdominal wall are necessary. Of the entire procedure, the anaesthesia causes most discomfort to the animals. This can be improved by using inhalation instead of injection anaesthesia. This will be used in future experiments in our laboratory. We suggest as a new humane endpoint, that one animal should have maximally 1-2 subcapsularly separately growing metastases each with a maximum size of 10 mm 2 , as this does not appear to cause obvious suffering and gives the opportunity for therapeutic interventions. The method has to be developed further to measure the size of the metastases in a more precise quantitative manner. This could be done for example by analysing digitally-taken photographs by special computer software. For further re nement the use of non-invasive techniques, that do not require anaesthesia, need to be developed and validated against direct laparoscopic quantitative measurement.
